Abstract-Radio Direction Finder (RDF) had been used as a part of the system in order to determine the direction of the Radio Frequency (RF) source. This research had used three different RDF stations without any mobile human operator. The direction data were collected from the each RDF station, it would be calculated using the triangle-centroid-algorithm. Therefore, the RF source position had been automatically determined. This experiment result of the RF source imaginary was compared with the real RF source at about 3.2 meters for latitude, and 3.3 meters for longitude. The results of this method and experiment are very useful for scientist and engineers in application of RF engineering.
I. INTRODUCTION
The Radio Direction Finder (RDF) is the activity to find the signal or noise source by tracking the direction using the portable receiver and directional antenna as well. RDF activities are usually done by the amateur radio. The amateur radio are proficient in RDF activity in order to determine the signals of the illegal jammers and malfunctioning transmitters which have noise (interference) [1] . During a national amateur radio contest, there are theoretical findings. The results were originally published by the authors in amateur radio magazines [2] - [4] such as a professional radio direction finder (RDF)-type Rohde & Schwarz (R&S) DDF0xM which was used to NVIS Elevation Angle Measurements. Near Vertical Incident Skywave (NVIS) radio wave propagation uses the ionosphere as a reflector, on frequencies ranging from approximately 3 to 10 MHz [5] . NVIS propagation is also used on a daily basis in developing countries, in areas where telecommunication networks are unreliable or nonexistent, providing essential telecommunication such as voice and data communication between small business offices, healthcare facilities, and even banking facilities [6] .
In this research, RDF had been used as a part of the system in order to determine the direction of the Radio Frequency (RF) source [7] . There are some research about high frequency using RDF such as the development and study of a practical spaced-loop RDF for high frequencies [8] and some experiments on conducting screens for a u-type spaced-aerial RDF in the frequency range 600-1,200 mc/s [9] .
RDF was constructed of specific instruments, antennas, and software in order to determine the RF source position [10] [11]. RDF usually utilizes circular or cylindrical arrays. It needs compact and conformal antennas to satisfy the requirements in terms of size, weight and shape, whilst still preserving an impedance bandwidth of at least 100%, a frequency-stable radiation pattern with a reasonable Directivity (as it can improve the accuracy of the DOA estimation and reduce the probability of ambiguity), and a low parasitic coupling between the array elements and the supporting structure. Moreover, antenna elements must feature a stable phase centre for different DOAs [12] As RDFs generally track narrowband Signals, although a large bandwidth is required, the time domain response of the antenna is not critical. However, a low dispersion profile will be helpful when tracking ultrawide band signals. To increase the mechanical and environmental durability of the antenna array, a cover is necessary. Previous efforts on designing an antenna element dedicated to DOA estimation are based on dipoles and composite dipoles [13] , patch antenna arrays with EBG substrates [14] , and Switched Parasitic Antennas (SPAs) [15] .
Recently, some papers report that the RDF development have been used three methods, i.e., Signal Strength (SS), Time-of-Arrival (TOA), and Direction-of-Arrival (DOA) [16] . The time-of-arrival (TOA) method is commonly method that able to determine the location of object accurately by using at least two stations [17] . The distance is obtained by calculating the arrival time of the object's electromagnetic signal at the stations for the velocity of signals in space is a constant [18] - [20] The time-of arrival differences among remote stations will be calculated, and this will result in several time-difference hyperbolas. The intersection of the hyperbolas will be assumed to be the location of the object. This paper is focused on the DOA method. The previous researches had reported that the DOA were based on the point of RF source, which the position were assumed are known, i.e., the degree of the angular spread of the RF source [21] . In addition, the DOA detection requires the use of an antenna array with multiple elements [22] . Therefore, the DOA is found ineffective, since it is caused by the requirement of the mobile human operator in order to track the RF source.
II. RADIO DIRECTION FINDING (RDF)
Radio Direction Finding (RDF) systems have many applications in Radio Navigation, Emergency Aid and intelligent operations [23] . The most important information that estimated by the Radio Direction Finding (RDF) system is the Direction Of Arrival (DOA) of the incoming signals.
The latest technology such as Software Defined Radio technique make it easy to design as all digital radio receiver which is a flexible open architecture platform with dynamic selection of parameters for individual modules. Recently, a lot of digital radio receiver architectures have been investigated [24] .
Due to recent wide spread of wireless technologies, accurate Radio Direction Finders (RDFs) are requested for a broad range of civil and military applications [1] . Such as approach to mitigate the Jitter effect in DOA estimation for the RF signals received by an element Uniform Linear Antenna (ULA) array is proposed. The performance of this method will be assessed in many cases that depend on the characteristics of incoming signals as well as Jitter factor properties [25] . Another research is a variation on the loop antenna topology that suppresses its sensitivity to HP as well as providing advantages in sensitivity and pattern integrity. That present a similar variation of the four-element Adcock array that addresses its sensitivity weakness in electrically small arrays. Both are protected by a provisional patent [26] .
Several algorithms are also implemented with the RDF to increase the performance of RDF. For example an implementation of a Radio Direction Finding prototype using three AoA algorithms and MIMO synchronization over a SDR platform, with a non-calibrated two element array. This algorithms were tested in three scenarios with different type of transmitted signals including baseband AM and FM sinusoidal tone and an AM modulated voice signal. The angle was estimated with a mean error below 0.3 [27] .
A radio direction finding prototype used an algorithm which is based on angle of arrival estimation techniques. An antenna array designed for this task and the measurement setup are presented. The Spectrum Monitoring Manual of ITU suggests the use of low cost RDF systems for spectrum management activities in developing countries. The low cost feature refers to the use of less accurate, cheaper and portable equipment, allowing the use of several distributed monitoring stations for proper spectrum management in the country [28] .
RDF system constructed of several components. Fig. 1 depicts the block diagrams which construct the whole system. Each part of the block diagram of the RDF system are interdependent each other.
The Fig. 2 shows the algorithm of the determining the RF source position. The RF source in specific frequency will be monitored by three RDF stations which had different coordinate. When the RF source transmit the signal, the angle ( ) will be determined by RDF stations. The each path of the three RDF stations will be a straight line. In ideal or perfect condition, the three lines will pass the same point, i.e., the real RF source position. In fact, the three lines never pass the same point, they construct triangle pattern as depict in Fig. 2 The directional angle data of each RDF stations will be calculated to determine the RF source imaginary. In our experiment, the RF source imaginary and the real RF source were compared to determine the accuracy of the system. It will be calculated using the triangle-centroid-algorithm.
Triangle and centroid localization algorithm [29] is an algorithm which combines trilateration and centroid algorithm, but the triangle and centroid localization algorithm is not workable because the assumed condition of three circles intersecting to form an overlapping area cannot be met in practical situations [30] Fig . 3 shows the schematic of triangle and centroid localization algorithm. Assume that A, B and C are three anchor nodes and D is an unknown node. These four nodes are within communication scope, thus they can communicate directly [31] . r a, r b , and r c are distances from A, B and C to D respectively. Draw circles with point A, B and C as centers and r a, r b , and r c as radiuses, then an overlapping area is formed. The practical unknown node is D. The estimated result of the unknown node is M, which is the centroid of ∆EFG. The first step of practical derivation for this algorithm is getting the coordinates of feature point E, F, G. The other two points have a similar derivation process. Fig. 3 Schematic of triangle and centroid localization algorithm [30] .
III. TRIANGLE CENTROID ALGORITHM
The triangle which is constructed by three lines has a centroid point. Each line has specific equation. It assumed that the line was straight line. The three lines constructed a triangle form, therefore, the center of triangle can be determined as an imaginary RF source position. The straight line followed the slope-intercept form of the rectangular coordinate system principle was used to generate each line equation.
Equation (1) depicts the general equation to calculate the slope-intercept form of the rectangular coordinate system, with vertical change divided by horizontal change. In any case, the slope value also call by gradient can be calculated with equation (2) . Furthermore, the intercept value, b, can be found by equation (3) [32].
with,
so,
In this equation, generally means x/y. If point RDF1, RDF2, and RDF3 were indexed as i, j, and k, respectively, furthermore we would have , , and . The angle point was the crossing point of two lines or when = = and = = , in case i cross with j. We would get the value of by substituting (1) for each point; in this case we called (4).
The variable was used to calculate by using equation (1), (2) , and (3) as well. Furthermore, the equation (4) can be used to calculate the cross-section point of i with k, , and j with k, , respectively. The classical centroid localization algorithm is proposed by N. Bulusu and J. Heidemann, the unknown nodes are located by their neighbor anchors which are sending signals that contained their own coordinate, ( ), the centroid calculation algorithm refers to equation (5) [33] , [34] .
In this research, the classical centroid localization algorithm had been modified in order to determine the RF source imaginary. In this calculation, the centroid point of the triangle is defined by averaging every angle point component, in order to improve the classical centroid localization algorithm.
The centroid in the component of x and component of y, are showed in equation (6) and equation (7).
The coordinate of the RF source can be determined by the value of and . In this case was latitude and was longitude in the Global Positioning System (GPS) mode. Global positioning system (GPS) is a spacebased radio navigation system owned by the United States government and operated by the United States Air Force. It is a global navigation satellite system that provides geolocation and time information to a GPS receiver anywhere on or near the Earth where there is an unobstructed line of sight to four or more GPS satellites. In this research, GPS was used to determine the coordinate of the object's location.
IV. IMPLEMENTATION
The code was created in order to implement the algorithm and calculation as well. The code requires some parameters of the each RDF source. Each RDF source has three parameters, i.e., latitude, longitude, and the angle in azimuth (θ).
The code produces some parameters, for example: latitude and longitude from two RDF points, intercept of two lines, and gradient of two lines. The main parameter which is very important of this code is the coordinate of the RF source imaginary. In this research, the RF source imaginary was compared with the real RF source position. Moreover, the accuracy of the system can be defined as well. Fig. 4 shows the flowchart of the code in order to determine the coordinate of the RF source imaginary. Based on the code results, the coordinate of the RF source imaginary can be projected in Google Map open source engine for the sake of user friendly visualization.
V. SETUP AND RESULT Three RDF stations were placed in separated location. The position of the RDF stations were set up already. Table I shows the coordinates of the RDF stations. The RDF stations were oriented to the RF source direction. Fig. 4 shows the position of RF source. Fig. 5 shows that the longitude value of the RF source imaginary is compared with the real RF source position. The direct measurement by Global Positioning System (GPS) was measured 100 repetitions and shows the result not consistently, but the output program always has the result consistently. 6 shows that the latitude value of the RF source imaginary was compared with the real RF source position. The direct measurement by GPS was measured 100 repetitions and shows the result not consistently, but the output program always has the result consistently.
The Fig. 7 shows the RF source imaginary that calculated using the triangle-centroid-algorithm. The RF source imaginary is indicated at latitude -7.766527°, longitude 110.3730° meanwhile the real RF source position at latitude -7.766556°, longitude 110.3730°. The experiment result shows that the difference of the latitude and longitude from The RF source imaginary compared with the real RF source is 3.2 meters for latitude, whereas 3.3 meters for longitude.
VI. CONCLUSION This research uses three different RDF stations without any mobile human operator. The direction data are collected from the each RDF stations; it is then calculated using the trianglecentroid-algorithm. Therefore, the RF source position is automatically determined.
In this research, the RF source imaginary is calculated using the triangle-centroid-algorithm. This experiment result the RF source imaginary compared with the real RF source is about 3.2 meters for latitude, and 3.3 meters for longitude.
